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In this study, a researcher-teacher examines seventh-graders' experiences with a 
problem-centered curriculum and pedagogy. Analyses of interviews, surveys, teaching 
journal entries, and audio recordings focused on differences between lower- and higher- 
SES students' reactions to learning mathematics through problem solving. While higher- 
SES students displayed confidence and solved problems with an eye toward the intended 
mathematical ideas, the lower-SES students preferred more external direction and 
sometimes approached problems in a way that allowed them to miss their intended, 
mathematical point. The lower-SES students more often became "stuck" in the open and 
contextualized nature of the problems. An examination of sociological literature revealed 
ways in which these patterns in the data could be related to more than individual differences 
in temperament or achievement between the children. This study suggests that class cultural 
differences could relate to students' approaches to learning mathematics through solving 
open, contextualized problems. This article discusses equity-related challenges we might 
face, as well as interventions that could be helpful, in our attempts to center mathematics 
instruction around problem solving. 
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Problem Solving as a Means Toward Mathematics for All: 

A Look Through a Class Lens 

The National Council of Teachers of Mathematics (NCTM) argues that problem solving 
should become "the focus" of mathematics in school (1989, p. 6). According to NCTM 
(1989; 1991), centering mathematics instruction around problem solving can help all 
students learn key concepts and skills in motivating contexts. In contrast with previous 
emphases on problem solving as an end in itself (e.g., focusing on heuristics), problem 
solving is now promoted as a means to learning mathematical content and processes. 

This article focuses on problem-solving experiences of students of lower- and higher- 
socio-economic status (SES) in a classroom aligned with the NCTM Standards (1989: 

1991; 1995). This discussion will center around two key aspects of NCTM-inspired 
problems. First, the problems are "open" — they have no obvious solution and allow 
students to approach them in a variety of ways, requiring creative and complex work. 

Some problems have no single right answer and could take "hours, days and even weeks to 
solve" (NCTM, 1989, p. 6). Second, the problems are "contextualized" in some way — 
they arise out of a motivating situation that is often "real-world," but might also be strictly 
mathematical or fictional. 

THE PROMISE OF OPEN, CONTEXTUALIZED PROBLEMS 

The use of open, contextualized problems seems sensible at many levels. Instead of 
students completing meaningless exercises and memorizing what the teacher tells them, why 
not have students come to understand and apply key mathematical ideas while solving 
interesting problems? Not only do these ideas seem sensible for "all students," there are 
ways in which instruction centered around open, contextualized problems seems particularly 
promising for lower-SES students. 

For example, some argue that lower-SES students tend to receive more than their share 
of rote learning and low-level exercises from teachers with low expectations (Anyon, 1981; 
Means & Knapp, 1991). Hence, having teachers of lower-SES students move away from 
routine exercises toward more open, challenging problems would seem to address this 
concern. 

Additionally, according to some scholars, lower-class families tend to be more oriented 
toward contextualized language and meanings. Bernstein (1975) argues that linguistic 
codes (or the underlying principles of speech, as opposed to surface features, such as 
dialect) are affected by the class system. The more privileged classes, who have power and 
tend to be individualistic, are socialized in a way that develops high-status knowledge and 
the language of control and innovation. Because of the emphasis on the individual, 
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meanings are not assumed to be shared with others. Hence, middle -class families use what 
he calls "elaborated codes," or language with meaning that is more explicit and less tied to 
local contexts. Lower-status families use "restricted codes," or language with implicit and 
context-dependent meanings. This language makes sense in contexts in which an emphasis 
is placed on community and in which common knowledge and values are assumed to be 
shared. Additionally, Holland (1981) found that middle-class children tended to categorize 
pictures in terms of trans-situational properties (e.g., grouping foods together that were 
made from milk or came from the sea), while working-class children tended to categorize 
pictures in terms of more personalized, context-dependent meanings (e.g., grouping foods 
they eat at Grandma's house). Holland did not conclude that children could not think 
differently, but that they had been raised with a particular orientation. If Bernstein and 
Holland are correct, then contextualized mathematics problems would seem to align nicely 
with lower-class students preferred ways of thinking. 

Hence, in theory, the use of open, contextualized mathematics problems appears 
promising for promoting equity for lower-SES students. Yet, this study explores ways in 
which currently popular ideas could affect students from our lower classes. 1 

CLASS DISMISSED? 

Since current reforms are intended to help "all students" gain mathematical power, it 
makes sense to consider how they impact the least powerful in our society — that is, lower- 
class children. It is particularly important for mathematics educators to consider class- 
related equity issues, since mathematics serves as a "critical filter" (Campbell, 1991b), with 
the potential to reward successful students with high occupational status and pay. 

Yet, social class is rarely focal in current, educational studies. 2 After reviewing the 
literature, Secada (1992) noted the lack of serious attention given to social class in 
mathematics education: 

It is as if social class differences were inevitable or that, if we find them, the results 
are somehow explained. . . . While the research literature and mathematics- 
education reform documents (for example, NCTM, 1989; NRC, 1989) at least 
mention women and minorities, issues of poverty and social class are absent from 
their discussions, (p. 640) 

Perhaps we tend to throw up our hands when confronted with class-based differences in 
mathematics achievement because many problems lower-class families face seem far beyond 

1 1 use the term "SES" when referring to particular students, but use "class" when discussing larger, societal 
groups. SES can be thought of as an approximation for one's "class," which connotes more permanence, 
shared group values and beliefs about roles in society and relation to power (Secada. 1992). 

2 This void is not limited to mathematics education. For example, in a survey of all research on science 
learning and achievement from 1980-1986, out of 73 studies, four looked at race, twelve looked at gender, 
and seven looked at both. None of the studies examined class (McDowell, 1990). 
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the school's control. Yet, there are a variety of barriers that lower-SES students need to 
overcome to break out of the cycle of poverty, and some of these barriers arise within 
schools, including mathematics classrooms. We need to consider the possibility that 
changing mathematics curricula and pedagogy can remove or add new barriers for lower- 
SES students. 

As Reyes and Stanic (1988) argue, we need to look carefully inside classrooms to try 
and understand the relationship between SES and math performance. 

Before quantifying classroom processes, more qualitative work is necessary to 
point out categories that may better capture the wholeness and richness of 

classroom life Within mathematics education research, relatively little work 

has been done on race-related differences and almost no work has been done on 
the relationship between SES and mathematics performance, (pp. 39-40) 

Frankenstein (1987) agrees, arguing that we need to look at race and class on issues 

previously examined with the gender lens, such as attitudes about mathematics and types of 

pedagogies and curricula that are helpful or harmful for various groups. 

Yet, class is difficult to study. In this time of celebrating the positive aspects of 

diversity, it is risky to discuss class differences and raise issues about potentially negative 

aspects of lower-class cultures. Additionally, the lack of agreement about definitions and 

indicators of class makes class particularly difficult to study (Duberman, 1976). 

Despite these difficulties, this study focuses on class differences in students' 

experiences with one version of a reformed mathematics classroom. While the larger study 

gave attention to both curriculum and pedagogy, in this article I focus on findings related to 

students' experiences with the open, contextualized problems in the curriculum. 3 

METHOD 

In this study, I played a dual role as both researcher and pilot teacher for a problem- 
centered curriculum development project. I now discuss key aspects of the study's 
methodology, including the school, the curriculum, the teacher-researcher role and my 
pedagogy, as well as data collection and analysis. 

The School 

This study was conducted in a socio-economically diverse school located in a medium- 
sized Midwestern city. The school had a socio-economic mix of students — a few upper- 
middle class students (e.g., with professional parents holding graduate degrees), some 
middle class students (e.g., with college -educated parents in professions, such as teaching 
or engineering), some working class students (e.g., with parents who work in factories or 

3 See Theule-Lubienski (1996) for more information. 
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service jobs) and some lower-class students (e.g., with parents who have very limited 
education, no steady job, and live below the poverty line). The school's 500 students were 
primarily white, with roughly 2% Asian, 3% Hispanic, and 1 1% African-American. 

The school was a pilot site for the Connected Mathematics Project (CMP), and the 
students in this study had used the CMP trial materials during the year preceding this study. 
My role in the school across the year included piloting the trial materials with one class 
while serving as a CMP liaison and teaching "model" for other teachers in the school. 

The Curriculum 

The CMP is a middle school curriculum development project funded by the National 
Science Foundation to create problem-centered materials aligned with the NCTM Standards. 
In this study, CMP trial materials provided the mathematical focus of each class period, 
with students working on the problems both in and outside of the classroom each day. I 
refer to the materials as they appeared in a draft stage; this study cannot and does not attempt 
to make any claims about the final materials. This study is not a test of one curriculum, but 
an exploration of how currently popular ideas being implemented with various curricula 
might differentially affect lower- and higher-SES students. 

Both the CMP authors and NCTM share an emphasis on learning mathematical content 
and processes through solving open, contextualized problems. The CMP authors describe 
their vision as follows: 



The curriculum is organized around rich problem settings . . . Students solve problems 
and in so doing they observe patterns and relationships; they conjecture, test, discuss, 
verbalize, and generalize these patterns and relationships. Through this process they 
discover the salient features of the pattern or relationship; construct understandings of 
concepts, processes, and relationships; develop a language to talk about the problem; 
and leam to integrate and discriminate among patterns or relationships. The students 
engage in making sense of the problems that are posed, and with the aide of the teacher, 
to abstract powerful mathematical ideas, problem solving strategies^ and ways of 
thin king that are made accessible by the investigations. (CMP, 1995, p. 24) 

Hence, the goal is not for students to simply leam about solving the individual problems, 

but to walk away from problem explorations having abstracted important mathematical ideas 



or processes. This abstraction occurs both because problems are carefully designed to 
require students to think about particular mathematical ideas and relationships, and because 



the teacher plays an active role in highlighting the intended ideas. 

The seventh-grade CMP trial materials consisted of eight units, each containing around 
several "investigations." The one to four problems in each investigation were carefully 
constructed and sequenced to help students understand the intended, over-arching 
mathematical ideas of the unit. The problems were usually set in a "real-world" context 



(such as analyzing disaster data, star ting a business, or designing a house), and they varied 
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in the amount of time required to solve them from several minutes to several days. After 
many of the problems, there were follow-up "questions" to help students focus on key 
patterns and ideas. Each investigation concluded with a section of homework problems, 
which were mathematically similar to the problems in the investigation but generally set in 
different contexts. "Writing prompts" to help students summarize the mathematics in the 
unit were being added to the materials at this stage of development. 

The Teacher-Researcher 

Cochran-Smith and Lytle (1990) explain how teacher-researchers often ask questions 
that arise from working at the intersection between theory and practice. This was true for 
me, as it was during my CMP pilot teaching the year prior to this study that I began to 
wonder about a possible SES-related disparity in students' reactions to learning mathematics 
in ways aligned with current reforms. When I had the opportunity to teach in an even more 
socio-economically diverse school the following year, I decided to investigate my growing, 
yet still open and loosely focused questions about this issue. 

These questions could have been addressed in a variety of ways, but in this study, being 
the teacher as well as the researcher allowed me to design the case to be studied (Ball, in 
preparation). There were other teachers who were piloting the CMP curriculum in the same 
school, but it was typical for pilot teachers (especially those working in urban schools) to 
struggle with implementing the curriculum in the ways the authors intended. Even if a 
teacher agreed with my interpretations of reform ideas and what an implementation should 
look like, other contextual issues could become problematic, such as the teacher's 
understanding of mathematics or her sensitivity to lower-SES students. Hence, my role as 
the teacher allowed me to play a large part in designing the site, which, (ironically) enabled 
me to focus more on the students' experiences and less on issues about the teaching. 

Because I played such a major large role in this study, it is important to discuss the 
context provided by my own background. Coming from a working-class family, I brought 
to this study an interest in the potential of mathematics education to perpetuate or break the 
cycle of poverty. I also held expectations that lower-SES students can succeed in 
mathematics, as I had. 

At the time of this study, I held a Master's degree in mathematics, as well as a 
secondary mathematics teaching certificate. I was completing my doctoral program, in 
which I had studied with key figures in the NCTM reform movement and learned much 
about the theories behind the reforms. I had the opportunity to put these theories into 
practice in working with the CMP in both writing and piloting trial materials. My 
mathematics background and deep familiarity with NCTM and the goals of the CMP 
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curriculum, helped me guide students' explorations of the problems and our discussions 
afterward. 

It feels a little embarrassing to discuss my background, but I do so because my ability to 
create a reasonable interpretation of a "reformed" classroom is an important contextual factor 
in this study. While I certainly have more to learn as a mathematics teacher, I contend that I 
had at least an average chance of effectively helping students learn mathematics through 
problem solving, as envisioned by the CMP authors and the NCTM Standards (1989; 

1991). 

Pedag ogy 

As advocated by the CMP, I usually structured my lessons using a "Launch, Explore, 
Summarize" model. In a typical lesson (which could take more or less than one class 
period) , I "launched" a problem with the class, and then students worked in groups to 
"explore" and solve the problem. Finally, I facilitated a whole-class discussion to 
"summarize" students' explorations. During these discussions, I asked students to explain 
how they solved the problems, encouraged students to compare ideas shared by their 
classmates, and posed questions to highlight key mathematical ideas. 

Overall, I viewed my pedagogy as reasonably consistent with the NCTM Standards — I 
facilitated students' exploration, discussion and sense-making of important mathematical 
ideas. Evidence from surveys and interviews indicated that students shared my perspective 
about key aspects of my pedagogy. For example, I intended to guide students' problem 
solving, prompting their explorations in fruitful directions when they were stuck, as 
opposed to giving them the "right answer." On a multiple-choice survey question about my 
response to students who were stuck on a math problem, the majority of students chose, 
"Our teacher encourages us to figure it out for ourselves," while no student indicated, "Our 
teacher tells us the answer." Similarly, students confirmed that I "usually" encouraged the 
consideration of different problem-solving methods, and that students worked in groups 
and used calculators in our math class at least half the time. 

Data Collection and Analysis 

I began this study unsure of what I would find or even what I was looking for, except 
that I wanted to understand how lower- and higher-SES students experienced the CMP trial 
curriculum and my pedagogy. I suspected that perhaps the contexts of the problems would 
be more appealing to the middle-class students, since a middle-class group of curriculum 
developers had chosen the settings. Or perhaps I would fmd that the middle-class students 
would get more help at home on their non-traditional homework. I found little evidence to 
support these hypothesis, but my data collection and analyses methods were open enough to 
allow other trends to surface. 
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I used three sets of interviews, a variety of surveys, student work, teaching journal 
entries, and daily audio recordings to document students’ experiences with the curriculum 
across the school year, including their struggles and successes with problems, what they 
thought they were learning, and what they found helpful or hindering. 

To get a sense of students' SES backgrounds, I surveyed parents about their 
occupation, education, income, number of books and computers in the home, and 
newspapers read regularly. These are commonly used SES indicators (e.g., see Duberman, 
1976; Kohr, Coldiron, Skiffington, Masters, & Blust, 1991). I used these data to place the 
students into two, admittedly rough, categories: lower and higher SES. The lower-SES 
students were primarily working-class, but a few of them could be considered lower-class. 
The higher-SES students were what most Americans would call middle-class, with some 
families bordering on upper-middle class. I ultimately gained permission to include 22 
students, 18 of whom provided clear SES data that allowed me to categorize them as lower- 
or higher-SES (see Table l). 4 Note that I use one-syllable pseudonyms to refer to lower- 
SES students, and three-syllable pseudonyms to refer to higher-SES students. I use two- 
syllable pseudonyms to refer to students who were not categorizable due to missing or 
ambiguous SES data. 

Table 1 

Participating Students Categorized by Gender and SES 



Lower-SES 

Females 


Lower-SES Males 


Higher-SES Females 


Higher-SES Males 


Rose 


Carl 


Samantha 


Benjamin 


Anne 


James 


Rebecca 


Timothy 


Dawn 


Nick 


Guinevere 


Christopher 


Sue 


Mark 


Andrea 


Harrison 


Lynn 






Samuel 



I collected homework and survey data from all participaung students and interviewed 
them at the end of the year. I also followed a smaller group of "target students" more 
closely, interviewing them at the beginning of the year, and having colleagues interview 
them in the middle of the year. In selecting the target students, I tried to include a low- and 
high-achieving male and female from each SES group to help me distinguish SES from 
achievement (measured by students' initial performance in the class, including the quality of 
their quizzes, homework and participation). 5 



4 All but two of the eighteen students were Caucasian; James was Affican-American and Rose was Mexican- 
American (yet her family had lived here for several generations, and her English had not even a trace of an 
accent). 

5 For a variety of reasons — including fear of attrition, the desire of some students to be heard, and wanting 
to fill gaps due to diversity within the categories — I interviewed more than eight students. For example, £ 
added Sue to my pool of interviewees because she requested the opportunity to be interviewed, and she added 
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